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lETROIXjgTIOIf ' ./i, , 

The Magnetohydrodynamics and Gas I^namlcs Researdi Laboratozy of the 

RASA-Aoes Research Center has, at the request of the AEC, conducted a series / 

of ablation tests of llthlxm hydride in one of their hl^^-enthalpy arc-heated 

test fticllltles. The test material was sxipplied hy A.I.. , > f ' 

On April 15, 1970 an Informal meeting was held at HASA-Ames to discuss 

the results of these tests. Those present were: '-1^: 

'•''^',/'/::'''^'-^ Hovard Stlne (HASA) Leonard Kakl (A.I.) ^ • , 

' ; w m i a n Carlson (HASA) Roger Elliott (A.I.) 

' • John Vorrelter (EASA) John Sherwin (ABC-CPAO) 

Charles Shepard (HASA) 

The discussion was most informative, and a svmmarjr of all the test 

res\alts was given to us. In general, the tests chewed 1:hat the lithium hydride 

ablated smoothly, without cracking or spalling. The efĴ ective heat of ablation 

was found to be within plus or minus 255̂  of the theoretical value, 2790 Btu/lb, 

which is found by taking the sxim of the sensible heat resquired to raise the 

material to its melting point- auad the latent heat of fusion. The presence of 

an internal matrix, such as steel honeycomb or steel wool, tended '•.o raise the 

heait of ablation (i.e. lower the rate of ablation). . >: v : 4' 

DESCRIPTION OF TEST COKDITIOITS 

The tests were conducted in the Low-Density Const::lcted-Arc Supersonic 

Jet, which is described In Reference 1. This facility is capable of heating 

the driver gas to the extremely high enthalpy levels associated with entry 

from interplanetary trajectories, but is limited to gas stssnation pressxires 

of about 0.03 atmospheres. Thus It can simulate the heeiting rates which occur 

during reentry to the atmosphere of the earth froa satellite orbits, but not 

the aerodynamic pressurss. Figure 1 Illustrates the relAtioaships between the 

tvmnel^setfiiigs^and the'^eegtry tratlP̂ -'*̂ =̂̂ =̂y-̂ Q̂"*̂ ^̂ "̂?- The line of constant 

heating rate narked on the figure shows that heating ra1̂ e&>i§ed in the tests 

were typical of those which will occur during the peak-tieating perltyS—of the 

natural-decay trajectory. (Actually, the test values wetre somewhat h-lgher 

than would occur in flight, because of the small diameter of the test si>ecl-

nens (2-in. diameter) es compared with the actual reactor shield dlajmeter.) 

FORM 719-P KEV. a-6S 
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Figure 1 also shows the operating capabilities of & hl£^er>-pressure 

facility at EASA-Az:es, which was Bi;»6gested for xise If cur« tests are run. The 

operating coodltloas used in the RACE tests (Ref. 2) are also shown for 

cocparison. These conditions vere selected to simulate the heating associated 

with reentry of a body hâ 'ing a ballistic coefficient, W/c A, of 132 Ib.ft^, 

and would be inadequate for simulating the present trajeetoiy. 

The driver gas used in these tests was air, with ani oxygen content of 

about 20 percent. One series of tests vas cade with the oxygen content set at 

80 percent, but the test engineer expressed some doubts a.bout the accuracy of 

the jet settings during these tests. 

Aerodynamic heating rates in the test facility were measured by the use 

of calorli^eters cade in the shape and size of the test si>eclmens. Keasur^geats 

were made before and after each test. Impact pressures \'eTe also measured, 

and the enthalpy l»vel vas calculated from the pressure and heating rate values.' 

(As a check, the enthalpy level is sometimes calculated ly use of an energy 

balsmce, considering the J^S flow, the electrical input, ft,Ttri the heat loss to 

the coolant.) 

DESCRIFTI0:7S OF TEST SPECHIEITS 

Tlie lithiiim hydride test material was supplied 1^ A. I. In the form of 

2-in- diameter cylinders, cade by casting the material in O.OI6 in. wall stain

less steel (!Îype 321) tubes. KASA cut these cylî îders into short (about 2-in.) 

lengths, and counted them on stems for holding them in tiie Jet. Some of the 

specimens had thermocouples Installed in the interior of the material at 

varlaas distamces from the front faces, but the data frcai these thermocouplces 

had not been reduced at the time of our visit- * 

Some of the specimens were of S O U Q lithluu -jjuride, some were cast In a j 

of stainless steel wool, and some were cast in a catrlx of stainless 

steel 'honeycomb. Tae honeycomb cells vere about 1-ln. diameter, with the 

steel being 0.001 An. thick. In some cases, the cells we-re placed axlally with 

respect to the cylinder, and in others the cells were pleiced crosswise. 

The steel shells were left around the hydride for some of the tests and 

were removed for other tests. It was found that the hydj-ide ablated more 

rapidly than the steel, leaving a raised lip of about 3/8 In. height around the 

specimen. A calorimeter was made with such a lip, and it was found that the 

FORM 719-P RtV. b-6lf 
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heating rate at the center of the specimen was reduced about 10 percent as 

compared with a flat-faced specimen. -= '; 

The duration of each test was betweisn h and U seconds. It was fouid 

that the shape of the face of the test specimen change<l doirlng a test. Those 

specimens havin? a steel shell tended to celt back nea:rly uniformly, leaving 

the shell standing. The specimens without a shell tended to become curved, with 

a radius of curvature of about 1.6 to 2.5 times the radius of the basic cylinder 

Some tests were made by starting with specimens that had already been ablated, 

thus starting with a naturally-formed sh8.pe Instead of a flat face. The heating 

rates reported In the data summary were corrected for the effects of specimen 

RESULTS 07 TESTS 

The test results have been correlated In terms of a parameter Q*, called 

"effective heat of ablation". Q» is defined as the ratio of the net heat 

input at the heated surface to the rate of mass loss from that surface. If 

the conduction losses into the material and the radiation losses from the . 

surface are small, Q* nay be found approximately by dividing the aerodynamic 

heating rate by the rate of mass loss. For a material that ablates by a simple 

process of melting, Q* is theoretically equal to the sum of the sensible heat 

required to bring the material up to its melting temperature and its latent 

heat of fusion. According to E^^A, the theoretical value of Q* for lithium 

hydride is 2790 Btu/lb, and the test results were nonaalized by di-.'idliig them 

by this value. -î  :;;-:vi> 

Table I, belcw, summarizes the results of the tests. The detailed 

results are given-iaa-Table H , attached to the end of this report. 
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TASL2 I 

(Relative to Thecretln?! Talue cf 2790 IBta/lh) 

Matrix in 
Material 

Initial QV2790 
'«̂ th Shell 

QV^^790 

Eo Shell 

^one 

Steel Vool 

Honeycodb 
(c_-osswlse) 

Honeycodb 
(Axial) 

Eoneycocb 
(Axial) 
(80^ 0^) 

Flat 

Rounded 

Flat 

Bounded 

Flat 

Flat 

Flat 

O-875 

1-075 

1.1^5 

0.887(?) 

0-751 

0.^^^ 

1-20^ 

0-367 

O-87D 

Several different methods of reducing the data were tried, based on the 

rate of xass loss at the centerline of each model and on the average rate of 

mass loFs over the surface. The initial heating rates and the final heating 

rates were tried, and it was fo\ind that the vise of the average of the Initial 

and final heating rates gave the best correlation. 

The results indicate that the presence of a natrljc such as steel wool 

or honeycomb tends to increase the effecti-/e heat of aaLatioa, as cotrii)ared with 

the values for oolia lithium hydride. This effect may be partially due to the 

heat absorbed in uelt±3;3,^the—ste£i_aad-the heat radiated from the steel 

surfaces. It cay also be due to the restriction to runnlA3-off of the molten 

hydride, causing it to become superheated as it left the siu-face. The effect 

of the steel shell surrounding the test specimen is si.nJLlar to the effect of 

an Inten^l matrix, and probably acts in about the same way. 

The two tests run with 80 percent oxy-en In the Jet shoved a significant 

drop in the effective heat of ablation as coopered with the values from the 

tests in air. The test engineer, however, said that he has doubts about the 

calibration of the Jet for these tests, and tliat the results shouli be 
dlsrerarded un-".il they can be verified. 

/ 
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RECg-ttSITD.\TI01T5 AUD DISCUS5I0H 

The follodJig recoonendatioas were made with regard to future tests: 

1. Some tests should be run In an arc-Jet having a higher impact 

presstire, if possible. 

2. Hore tests should be run with Increased oxygen content in the driver 

3. A test sa=?le should be made with lithium hydride case in a closed 

shell, so that possible swelling and burstirg of the shell could be sxudied. 

h» Some sassles of tantalua-lO-tungsten should be tested to see what 

would happen if all of the is'dride were to be removed. 

The meeting ended with a seneral discussion of possible design nodif Ica-

tloas that clg^t enhance the ability of xhe reentry body to resist damage. 

Some of the points discussed werei 

1. The transition section between the aft shield aiid the radiator nl':̂ t 

be covered vith a heat-shield, «nî  the coaaectiaa to the radiator be designed 

to break away at a low heat mte. This would stabilize the body In a nose-

first attitude, and elso would reduce Its ballistic coefficient. Additional 

lithium hydride or some other protective material could then be added to the 

nose of the body, leaving the sides of the shield as they are. 

2. We loight consider the use of a honeycomb matrJjc having a smadler 

cell size and thicker walls, provided that the performance of the radiation 

shield is not reduced excessively. 

3. There might be some substances which could be added to the lithl\ia 

hydride to increase Its viscosity in the liqvild state, thereby reducing the 

rate of run-back and increasing its effective heat of ablation. 

^ h. Ve might consider putting a layeri of a goo^6at-shield material 

such as boron nitride ai^und the Ta-10W__slî e>d, as an additional protection 

in case all of the hydride was lost. 

FORM 719-P REV. 8-69 
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Ŝ
 

^ ".
 

^ «o
 

•v
i 

(>»
 

"
S

. 

T
» u ^
l >»
 

a (S
t 

N
l M
 

A
 C
 

•O
fc

rf
 

—
 

—
 

• 

X
 

lo
.i

a
iw

a
T

to
.y

 '-
«'

-«
'-

«•
. 

. 

s C
n • >1

 

X
. 

T
V

 

?i
 5:
 

V
J C
. Z
 

<
M

 (*
 

X
 

•
« N
 r.
 

J5r
 

>*
 

•v
. 

IV
 

>
i U
 

X
, 

r >
; S 5 'k
 

N
 <~

 

> X
 «x
 

^ .» ^ 5^
 

•̂
 

C
ta

 
iv

» ».
 

tx
' 

N
; w
 

>
»

• 

•»
 

X
 C
 

•>
v 

: 
« <,«

 
O

ta
 

V
J t̂
 

a » C
v >|
 

-.
 

X
. 

>»
 

^ t*
 

> tx
 

^ T
V

 

> -i
 

-k
 

^
l 

"
X

 

M
 

%
 

^ —̂
 

—
 

' 

; Jf
 

i:
 1 ;5
 

^ N
 <̂

 

^ T
X

 1 M
 

<̂
 

-*
. 

x
j 

>C
 

*«
 

V
* M
 

O
, v:
 

X
. 

/M
 

•<
 

•
< (̂

 

î
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